I
T IS IMPORTANT to understand how, in the brain, the millions of neurones communicate with each other across a multitude of interconnecting synapses. After the release of neurotransmitter by exocytosis, synaptic vesicles must be continuously re-formed from the presynaptic plasma membrane. A major component of this vesicle recycling occurs by a clathrin-mediated pathway in which the GTPase dynamin plays a crucial role [1] [2] [3] [4] . This is probably a specialised, 'Ferrari' version of a general clathrin-mediated pathway occurring in all cells 5 . Regardless of cell type, endocytosis is thought to involve a series of steps beginning with the clustering of receptors at specific sites of the plasma membrane, regions that later turn into clathrin-coated pits. They do this by recruiting cytosolic AP-2 adaptor complexes through their cytoplasmic tails. In neurones, synaptotagmin is one likely candidate for such a receptor 6 . Clathrin triskelia are in turn moved to the membrane, and polymerize to form a curved polygonal lattice of hexagons and pentagons (analogous to a football) that provides the mechanical scaffold for the coated pit 7 . Dynamin then self-assembles into ring-like structures collaring the neck of the invaginating, constricted coated vesicle, an event that leads ultimately to its pinching-off 8, 9 . The first insights into how dynamin might be working at the synapse were derived from careful analyses of fruit-flies carrying a mutation in shibire, the Drosophila homolog of the gene for dynamin 10 . These flies are rapidly and reversibly paralysed at the restrictive temperature because of a block at a late stage of endocytosis. Nerve terminals show a dramatic depletion of synaptic vesicles and an accumulation of partially endocytosed, clathrin-coated pit profiles collared by electron-dense rings resembling those formed by dynamin in solution 9 . Together with experiments in fibroblasts 11, 12 , the genetics and biochemistry strongly indicat dynamin serves a mechanochemical function tial for vesicle budding. The current, favoured h esis for dynamin action (although not without i ics 13 ), holds that it acts as a 'pinchase', which GTP hydrolysis, undergoes a conformational c that leads to closure of the rings and vesicle fiss
The specific targeting of dynamin to clathrinpits, and the resultant triggering of its enzyme ity, must be regulated both spatially and temp Compelling evidence now suggests tha amphiphysins, a group of brain-enriched dyn binding proteins, play important role(s) in processes. Although dynamin and endocyto subjects that have been reviewed exten before 3, 5, [14] [15] [16] , this review will be dedicated espec the amphiphysin family.
Role of the amphiphysin-dynamin interaction endocytosis
Amphiphysin 1 (Amph1) was first identif 1992 as a brain protein that was partially asso with synaptic vesicles 17 . Now the amphiphysin is known to consist of several isoforms in mam yeast and nematodes (Fig. 1 ).
An interaction between the SH3 domain of A and the proline-rich domain of dynamin first sug an involvement of Amph1 in endocytosis of sy vesicles 20 . However, dynamin forms many pr protein interactions in vitro that do not necessarily in vivo 15 , so it was important to support this by ments on its function. This was done by use of r binant SH3 domains as 'dominant-negative' vers Amph1 in living cells. Microinjection of such a p SH3 domain into the giant reticulospinal syna the lamprey led to a massive block in endocyt 1992 as a synaptic vesicle-associated protein. It was subsequently found to interact in vitro wi GTPase dynamin through its SH3 domain. However, only in the past year has its role in endoc been confirmed, with the demonstration that the introduction of dominant-negative-acting domains into living cells causes a potent blockade of clathrin-mediated endocytosis.This, tog with the discovery by several groups of a second nerve terminal-enriched amphiphysin iso and the finding that the two proteins heterodimerize, further suggests that the amphiphysi closely connected with dynamin-mediated vesicle budding.This review summarizes current in the field, and draws on data that suggest intriguing alternative roles -including po involvement in the cytoskeleton and in tumour suppression -for certain members o amphiphysin family. Trends Neurosci. (1998) 21, 339-344 
